Oscillatory control of Delta-like1 in somitogenesis and neurogenesis: A unified model for different oscillatory dynamics.
During somite segmentation, mRNA expression of the mouse Notch ligand Delta-like1 (Dll1) oscillates synchronously in the presomitic mesoderm (PSM). However, the dynamics of Dll1 protein expression were rather controversial, and their functional significance was not known. Recent live-imaging analysis showed that Dll1 protein expression also oscillates synchronously in the PSM. Interestingly, accelerated or delayed Dll1 expression by shortening or elongating the Dll1 gene, respectively, dampens or quenches Dll1 oscillation at intermediate levels, a phenomenon known as "amplitude/oscillation death" of coupled oscillators in mathematical modeling. Under this condition, oscillation of the Notch effector Hes7 is also dampened, leading to severe fusion of somites and their derivatives, such as vertebrae and ribs. Thus, the appropriate timing of Dll1 expression is critical for its oscillatory expression, pointing to the functional significance of Dll1-mediated oscillatory cell-cell interactions in the segmentation clock. In neural stem cells, Dll1 expression is also oscillatory, but non-synchronous, and when Dll1 oscillation is dampened, oscillation of another Notch effector, Hes1, is also dampened, leading to defects of neural development. In this review, we discuss the underlying mechanism for the different oscillatory dynamics (synchronous versus non-synchronous) in the PSM and neural stem cells in a unified manner.